Urinary Tract Infection (UTI) is second on the ranking of most common infection in community practice. It leads to significant morbidity and a high economic burden for treatment. Klebsiella pneumoniae accounts for 2 nd highest organism isolated from urine samples of UTI patients after Escherichia coli. The management of UTI is complicated by the increasing prevalence of antibiotic resistant strains of Klebsiella pneumonia. Therefore, knowledge of the antibiotic resistance patterns of the pathogen is important not only to provide an appropriate therapy, but also for the prevention of resistance amongst the microbe.
INTRODUCTION
Urinary Tract Infections (UTIs) are amongst the most common infections encountered in clinical practice. (1) Urinary infections cause fewer complications than nosocomial infections, but they occasionally can cause bacteraemia and death. (2) Urinary Tract Infection (UTI) can be caused by Gramnegative bacteria such as Escherichia coli, Klebsiella pneumoniae, Enterobacter species, Proteus species and gram-positive bacteria like Enterococcus species and Staphylococcus saprophyticus. (3) Excessive and/or inappropriate use of antibiotics in treating UTIs is responsible for the emergence and spread of multi-drug resistant urinary bacterial pathogens.
Klebsiella pneumoniae is the second most frequently isolated species from UTI, after Escherichia coli. (4) The ability of the bacteria to adhere to host structures is considered essential for the development of infection. (5, 6) UTI usually affects the lower urinary tract, but sometimes both the lower and upper urinary tracts can be involved. The term cystitis has been used to define the lower UTI and is characterized by symptoms such as dysuria, frequency, urgency and suprapubic tenderness. The presence of the lower UTI symptoms does not exclude the upper UTI, which is often present in most UTI cases. (3) The treatment of UTI can be classified into uncomplicated and complicated on the basis of their choice of treatment. (7) The treatment of UTIs varies according to the age of the patient, sex, underlying disease, infecting agent and whether there is lower or upper urinary tract involvement. (8) Empirical antibiotic therapy is usually applied. Urinary pathogens have shown a changing pattern of susceptibility to antibiotics resulting in an increase in resistance to commonly used antibiotics. Of particular concern is the recent appearance of Klebsiella pneumoniae strains that produce the enzymes, Extended Spectrum Beta Lactamases (ESBLs). Production of ESBL is frequently plasmid encoded and bears clinical significance. Plasmids responsible for ESBL production frequently carry genes encoding resistance to other drug classes also. Therefore, antibiotic options in the treatment of ESBL producing organisms are extremely limited. (9) Detection of ESBL production is important. One major concern is the spread of ESBL positive bacteria within hospitals, which may lead to outbreaks or to endemic occurrence.
Years of antibiotic over-prescription and abuse on one hand and a decline in the development of novel antibiotics on the other have led to a tendency among physicians to shy away from prompt and aggressive prescription of the most commonly used drugs. (10, 11) This is especially the case with broad-spectrum antibiotics. The predicted changes in the pathogens and their occurrence makes it highly advisable that empirical, first-line antibiotic treatment should be reviewed periodically in every regional tertiary medical centre. (8, (12) (13) Due to rising antibiotic resistance among uropathogens, it is important to have local hospital-based knowledge of the organisms causing UTI and their antibiotic sensitivity patterns. (14) It is of great importance for the institution to know the local antibiotic resistance patterns in order to implement suitable infection control measures and develop a rational antibiotic policy with local recommendations for antibiotic use. These surveillance data are also used to assess the effectiveness of the measures taken and to identify new points for intervention to control bacterial resistance.
The present study was therefore undertaken to assess the current antibiotic resistance pattern in the Klebsiella pneumoniae species isolated in a tertiary care hospital in Kerala.
MATERIALS AND METHODS
This cross-sectional study was undertaken in the Department of Microbiology, MOSC Medical College, Kolenchery, India. This study was undertaken as part of the STS ICMR (Short Term Studentship-Indian Council of Medical Research) Project and done on urine samples from patients admitted to the MOSC Medical Mission Hospital during the period from June to September 2014. Only the initial sample of an individual received was included to avoid duplication. The exclusion criteria for the study were suprapubic aspirates, repeat samples from the same patients and urine samples mixed with other uropathogens along with Klebsiella pneumonia. The samples collected were processed as per standard methods. The study protocol was approved by the Ethics Committee of the Institute.
The urine samples collected from the patients were processed according to the standard microbiological procedures with a calibrated one microlitre loop using the semi-quantitative method of plating onto Cysteine Lactose Electrolyte Deficient (CLED) medium and blood agar medium (Hi-media, Mumbai, India) to isolate the uropathogens. Inoculated culture plates were kept in the incubator at 37°C for 24 hours. All the bacteria were identified using morphological, microscopy and biochemical tests following standard procedures described by Cowan and Steel (1974) and Cheesborough (2006) . (15, 16) The antibiotic sensitivity testing was performed using the Kirby-Bauer method as per the Clinical Laboratory Standards Institute (CLSI). (17, 18) The isolates were tested for Ampicillin (10 μg), Cotrimoxazole (25 μg), Amoxiclav (20/10 μg), Gentamicin (10 μg), Cephalexin (30 μg), Cefuroxime (30 μg), Cefotaxime (30 μg), Ceftazidime (30 μg), Ciprofloxacin (5 μg) and Amikacin (30 μg) in (10 μg), Ceftriaxone (30 μg), Norfloxacin (10 μg), Nitrofurantoin (300 μg), Cefepime (30 μg), Colistin (10 μg), Meropenem (10 μg), Nalidixic acid (30 μg), Piperacillin (100 μg), Piperacillin-Tazobactam (100/10 μg), Ceftazidime-clavulanic acid combination (30/10 μg/disc) and Imipenem (10 μg) (Hi-media, Mumbai).
Extended Spectrum β-Lactamase Detection
The screening for Extended Spectrum Beta Lactamase (ESBL) was done using Ceftazidime (≤22 mm), Cefotaxime (≤27 mm), and Ceftriaxone (≤25 mm). If the organisms showed a zone of inhibition lower than the minimum for any antibiotic disc, ESBL positivity was suspected. The phenotypic confirmation was done by testing the strain against Ceftazidime (Ca) and Ceftazidime-clavulanic acid combination (30/10 mcg/discs). In this test, an overnight culture suspension of the bacterial isolate was adjusted to 0.5 McFarland's standard. Lawn culture was done on the Mueller-Hinton Agar (MHA) plate. The Ceftazidime and Ceftazidime-clavulanic acid discs were placed 20 mm apart on the agar surface. After incubating at 37 0 C for 24 hours, a ≥5 mm increase in the zone diameter in comparison to ceftazidime was considered indicative of ESBL production. Escherichia coli ATCC 25922 was used as an ESBL-negative and Klebsiella pneumoniae 700603 was used as an ESBL-positive reference strain. (19) RESULT During the 4-month period, a total of 2202 urine samples were processed for culture and sensitivity testing. Of the total urine samples studied, 92 (4.1%) showed mixed bacterial growth may be due to improper specimen collection or delay in transporting the sample to the laboratory. A total of 702 different organisms were isolated, thus the culture positivity was 32%. Out of the total 702 different organisms, E. coli was the most isolated organism accounting for 336 (48%). The second commonest isolate was Klebsiella pneumoniae which accounted for 117 (17%) followed by Candida species (10%), Streptococcus species (6%), Citrobacter species (4.3%), Enterobacter species (4%), Staphylococcus species (3.7%), Pseudomonas aeruginosa (3.5%), Acinetobacter species (2.2%) and other Klebsiella species (2%) (Table no. 1).
As this study was part of the STS ICMR Project, only 35 urine samples positive for Klebsiella pneumonia were selected; 60% out of these 35 samples were from patients in the age group 41-80 years (Figure no. 1) . Of the 35 urine samples studied, 23 (66%) were from females and 12 (34%) were from males ( Figure no. 2) ; 86% of the tested urine samples were midstream samples and 14% from catheterized patients (Figure no. 3) . All the catheterized patients were inpatients. Only 57% of the patients included in the study had symptoms of UTI-dysuria, frequency of micturition, lower abdominal pain, vomiting and burning sensation during micturition. The rest 43% of patients were admitted or came to the casualty with complaints other than UTI. But when routine urine microscopy was done, pus cells were found to be very high and hence urine was sent for culture and sensitivity.
Klebsiella pneumoniae isolated from the urine samples in the study were most resistant to Ampicillin (100%) followed by Cefuroxime (85.7%) and Cephalexin (80%). Carbapenems-Imipenem (85.7%) and Meropenem (65.7%) along with Colistin (70%) and Amikacin (65.7%) were highly sensitive (Figure no. 4) 
DISCUSSION
This study was done to determine the antibiotic susceptibility patterns of Klebsiella pneumonia isolated from urine samples in a tertiary care centre in Kerala.
23 (66%) of the urine samples were from females and 12 (34%) were from males. This is consistent with other studies. (20) (21) (22) (23) (24) UTI is more common in females than in males, as female urethra structurally found less effective for preventing the bacterial entry. (25) It may be due to the proximity of the genital tract and urethra and adherence of urothelial mucosa to the mucopolysaccharide lining. (26) The other main factors which make females more prone to UTI are pregnancy and sexual activity. Sexual activity in females increases the risk of urethra contamination as the bacteria could be pushed into the urethra during sexual intercourse as well as bacteria being massaged up the urethra into the bladder during child birth.
The age wise data was analysed in order to assess the frequency of UTI in different age groups. This study portrayed that people in the age group 41-80 years (60%) were more prone to UTI than any other groups. This result is in comprehension with other studies. (23, (27) (28) (29) About 17% (6) of the age group 41-80 years were males and 43% (15) were females. In older men, the incidence of UTI may increase due to the prostatic obstruction or subsequent instrumentation like Foley's catheter. (30) Only 57% of the patients included in the study had symptoms of UTI. The rest 43% of patients had come to the hospital with complaints other than UTI. Depending on the presence of pus cells in direct microscopy, the overall condition of the patient and the antibiotic susceptibility pattern, a holistic decision regarding treatment was taken by the Microbiologist and the Clinician.
Klebsiella pneumonia isolated from the 35 urine samples included in the study showed 100% resistance to Ampicillin. This is consistent with results of other studies, which have shown a resistance from 93%. (31) to 98%. (20) In this study the resistance results were Amoxiclav (62.9%), Amikacin (32.3%), Nalidixic acid (51.4%) and Norfloxacin (48.6%). In a similar study, Somashekara SC et al. showed the antibiotic resistance pattern of Klebsiella pneumonia to be Amoxiclav (68%), Amikacin (26%), Nalidixic acid (48.2%) and Norfloxacin (38%). (21) The three most commonly prescribed antibiotics for UTI are Co-trimoxazole, Norfloxacin and Nitrofurantoin. The resistance of Klebsiella pneumonia to these drugs were 60%, 48.6% and 62.9% respectively. This increased resistance pattern can be attributed to the frequent use of these antibiotics, as a result of which the organism may have developed a different mode of action.
Overall resistance to various generations of Cephalosporins and Beta Lactams is very high on account of the production of Extended Spectrum Beta Lactamases (ESBLs). Over the past two decades, there has been a wide use of extended broad-spectrum antimicrobial agents to meet the emerging challenge of treating UTIs due to gram-negative bacilli. However, these microbes have developed multiple antimicrobial resistance mechanisms including enhanced drug efflux, alterations of the drug target and the production of plasmid-mediated β lactamases. (32) Klebsiella pneumoniae isolates have in general high rates of resistance to the commonly used antimicrobial agents.
All Klebsiella pneumonia isolates are naturally resistant to Amoxicillin and Ampicillin, due to a constitutively expressed chromosomal class β lactamase. (33) Co-trimoxazole, used extensively in general practice, was first introduced as a combination drug that inhibits bacterial production of folate, causing a bacteriostatic effect. The frequent use of this antimicrobial agent for the treatment of community-acquired UTIs has led to higher resistance levels. In our study, antimicrobial non-susceptibility to Co-trimoxazole (60%) displayed by urinary Klebsiella pneumonia isolates was similar to that reported in Algeria (63.2%). (34) The high incidence of ESBL-producing Klebsiella pneumonia can mainly be explained by spread of these multi-drug resistant strains like the class A ESBLs, TEM, SHV and CTX types. (22) ESBL producing Klebsiella pneumonia isolates is a wellrecognized problem and explains the high resistance rates to commonly used antimicrobial agents.
Due to this steady decrease in susceptibility to nonCarbapenem antibiotics over time increased Carbapenem consumption has been subsequently reported and speculated to be associated with an increasing resistance of Klebsiella pneumonia isolates to Carbapenems. These antimicrobial agents are considered the treatment of choice for serious infections caused by ESBL-producing and/or AmpC β-lactamase-producing Enterobacteriaceae because of their high stability to β lactamase hydrolysis and the relatively high susceptibility of ESBL producers to carbapenems. (35) Colistin has a sensitivity of 77% and moderate sensitivity of 8.6%, but considering the risk versus benefits of this drug it is rarely prescribed.
The most useful antibiotic as per this study was Imipenem (74.3% sensitivity and moderate sensitivity of 11.4%). This drug is relatively expensive when compared to most antibiotics frequently used. This has probably restricted its procurement and indiscriminate use, therefore making the organisms susceptible to it.
Hence, there is a need to emphasize the rational use of antimicrobials and strictly adhere to the concept of "reserve drugs" to minimize the misuse of available drugs. Carbapenems (Imipenem or Meropenem) and Amikacin should be considered as reserved drugs, especially for nosocomial infections.
CONCLUSION
Through this study conducted at MOSC Medical College, Kerala, it has been found that Klebsiella pneumoniae is extremely resistant to the β lactam group of drugs and cephalosporins. Amikacin and Carbapenems like Imipenem and Meropenem were the most sensitive antibiotics and hence they should be kept as reserved drugs. Since the antibiotic susceptibility patterns can vary, it is important to be updated so as to prescribe the most efficient drug for the patient, especially in conditions where empirical therapy is unavoidable. An effective antibiotic policy and draft guidelines should be introduced to preserve the effectiveness of antibiotics and for better patient management. Laboratory evidence of infection and antibiotic susceptibility testing should be carried out to help in the choice of drugs.
It is highly recommended that the clinician should become aware of the magnitude of the existing problem of antimicrobial resistance and help by rational prescription of antibiotics.
